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SUMMARY

The results of flight tests of four nose=slot cowling
designs with several yariations in each deslign are pre-
sented., The tests were made in the process of developing
the nose~sglot cowling, The results demonsgtrate that & nose-
slot cowling may be successfully applied to an alrplanc and
that it utilizeos the increased slipstream veloclty of low=
speed operation to produce increased coolling pressure across
the engine, A sample deslign calculation using results from
wind-tunnel, flight, and ground tests is given 1ln an appen-
dix to illustrate the design procedure.

INTRODUCTION

The first fiicght tesits of an N.,A.0.A. nose-slot cowl-
Ing are deseribed in reference 1,

The subject report presents results of four designs
of nose-slot cowlings for the BFO~1l airplane in the order
they were tested. The results of the tests of each cowl-
ing are presented in the following manner: (1) A discus-
gion of the flow coandltions that were desired %o be changed;
(2) a discussion of the alterations in the cowling that
were made In an attempt to produce the desired change;
(3) & discussion of the success of the altorations in DI O
ducing the desired result.

Inasmuch as a cowling design for flight must first
give satisfactory operation of the airplane and the eagine,
thig factor was the primary consideration for the first
two nose-slot cowlings. Mosgt of the actual studies of flow
around & nose-slot cowling were made with nosc-slot cowl-
ings 3 and 4. :
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Roference 2 gives the results of wind-tunnel tests of
nose-slot cowlings that were conducted after these flight
tests were completed. This reference gives more complete
information on the effect of variables such as the radius
of curvature of the nose shape, the slot location, the
slot size, and the effect of engine conductivity. Some of
the special problems of applying cowling design to flight
work will be discussed in the present paper. Many details
that do not onter the problem when meking wind-tunnel tests
become the dotermining factors of design for flight tests.
Anything that impairs the operation of the engine or air-
plane, or that interferes with the pilot?s ease of flying
the airplane, must be given serious consideration by the
designer of cowlings for flight. The designer must always
strive to obtaln a good aerodynamic deslign consistent with
the successful operation of the airplane.

An example of a design computation along with charta
to ald in its solution is given in an appendix of thils re-
port.

GENERAL APPARATUS

The alrplane used for the tests was a Curtigs BFC-1
airplane shown in figure 1. It is fitted with a Wright
SGR=1510 l4-cylinder twin-row radial engine with a propel-
ler gear ratio of 4:3, Two propellers were used ln this
investigation: the service propellsr designated propeller
C, Navy plan form 5868-11l, which has three blades, & dian-
eter of 9 feet 10 inches, and round blade shanks; and pro-
preller A, drawlng No. 30-1B65, which has four blades, &
diameter of 8 feet 6 inches, and alirfoil sections carried
close to the propeller hub., Engline temperatures were de-
termined by & selective thermocouple installietion. ILine
drawings of all the cowling variations tested are shown in
figure 2.

NOSE~SLOT COWLING 1

The general lay-out of nose-slot cowling 1 is shown
in figure 2. Views of cowling 1 are shown in flgures 3
and 4, The cooling air for noso~slot cowling 1 entered
through the baffles on the cylinder barrels and returned
throuzh the baffles on the cylinder heoads. The service=-
head baffles were reversod to accommodate the reverse flow.
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The paths of the entering and the returning air were dlvid~
ed at the radiuys corresponding to the thlck reinforcing
fins at the bases of the heads. It would have been much
more desirable to locate the dividing wall at a larger ra-
dius but the difficulties of making an airtight seal at any
larger radius determined itg location. MHeasurementsg of the
Pressure drcp across each path showed that all the measur-
able pressure drop occurred across the barrel baffles and
pPractically no pressure drop occurred across the head baf-
fles, This result was, of course, the reverse of that de-
sired because the maximum cooling is needed on the cylin-
der head.®* The barrel baffles were then recmoved to lessen
the pressure drop across the barrel but,. even after this
elteration, there was still about three times as much pres-
sure drop across the barrels asg across the heads. A change
in the cowling design was therefore necessitated in ordsr
to provide sufficient cooling for the cylinder heads.

NOSE-SLOT GOWLING 2

Nose-slot cowling 2 differed from nose-~slot cowling 1
in the following respects: (1) all the cooling was done
on the inward passacge of the airsg (2) a duct over the
eylinder heads returned the air to the exit slot; (3) the
baffling of the engine was changed to reduce the engine
conductivity; and (4) separate openings were provided for
bigh- and low-speed opsration by means of a movable por-
tion of the nose adjusitable from the cockpilt.

The conductivity of the service-baffle lnstallation
was between Q.15 and 0.18, which would have required ex-—
cessively large return ducts and exlt openings to provide
sufficient pressure drop for cooling. By the measurement

¥The fact that the engine opsesrated in flight without fail-
ure for the condition of gocd barrel cooling and very lit-
tle head cooling may mean that the criterion of maximum
cooling on the head 1s wrong. It is possible that barrel
cooling, especially near the head, is a more important fac-
tor than is usually supposed and, if this part is cooled
gsufficiently to keep the oil film between the piston and
cylinder wall from failing, the engine head may be oper-—
ated at much higher temperatures than 1s acceptable today.
Research on this problem should be conducted to agcertain
"the truth of this indicated resulst.
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of the space between the fins, 1t was found that close
baffling of the cylinders would reduce this value to ap-~
proximately 0.08. New baffles were therefore made in ac-
cordance with the information given in reference 3; these
baffles gave a value close to that predicted, It is ghown
in reforence 1 that the most efficient exit slot for high-
speed operation opens so as to discharge the air radially
at the extreme front of the cowling and that the best sloi
for maximum cooling for ground and low—speed flight opeora-
tion discharges the air nearly axially farther back on the
nose, Nose 2 combined these two features to give a cowl-
ing of maximum cooling for low-speed operation and maximum
efficiency for high-speed operation. & line drawing of
nose 2 is included in figure 2. Nose 2 adjusted for low
speed is shown in figure 5(a) and, for high speed, in fig-
ure 5(b)e Ficure 5(c) shows the internal arrangement of
the head baffles and the return ducts, whick formed the
head baffles.

The result of one ground test of this cowling ig in-
cluded in table I.

The averaged results of seven flight tests of the
gservice cowling and of nose-slet cowling 2 are glven as
follows:

Cylinder-head . Average
Air | | temperaturse (°F.) cylinder-
Cowling gpecd barrel
(mepehe)| Average Maximum temperature
(°F.)
Service
(fig. 1) 175 454 486 273
Nose~slots
High~speed slot 183 . 413 . 447 240
Low—~speed glot 174 400 A23 230

A fullethrottle climb at 104 miles per hour up to
10,800 feet showed a maximum cylinder-~head temperature of
4500 T, S _ : . hnhte )

The general operation of cowling 2 was satisfactory;
1t gave sufficient cooling for the ground run and the take-
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off and, as can be seen from the preceding table, an in-
crease of speed of 8 mlles per hour for the high-speed
condition. The most interesting result for this installa-:
tion, however, was the large increase in coolling obtained

by rebaffling the engine., The useful ccoling power was
reduced from 50 horsepower for the service installatlon %o

7 horsepower for the high~speed slot positlion on nose-slot
cowling 2 and yet the tomperatures of cylinder heads wore
reduced 40° F, and of the cylinder bases 309 F. This re-
sult domonstrates the importance of using close baffling

on an engine, Approximately hal? of the increase 1ln speed
is due to tho saving in the cooling power and half to the _
improvement of nose-glot cowling 2 over that of the service-
cowling instzllation,

ROSE-SLOT COWLING 3

Nose—slot cowling 2 having given satisfactory opera-
tion of the airplane, it was vossible to begin more de-~
tailed research on cowling operation. The first problem
was to astudy ways and means of increasing the engine cool=-
ing to as large a value as possible. The total availabdle
pressure difference across the cowling is known to be di-
vided betwoen the pressurc drop across the sngine and the
pressure drop out of the exlt slot. The reolatlonship of
these pressuro drops is given in reference 4 as:

g - '
AP 1 1
2o &S]t (1)
q Fy X K, q Q

where AP 1ig the total available pressure drop across the
cowling.

q, the dynanic pressﬁre of the eir strean.,

Q, +the guantity of alr flowing through the cowling,
F; the‘frontal area of the engine.’

¥V, the alr spesed.

X, t%the engins conductivity.

K,, tho exit-slot conductivity.

Ap, the pressure drop across the engine,

Ap , the pressure drop out the exlt slot.
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Also from reference 4,

R a8
éE_,(_&_ 2
a  N\KFV (2)

Substituting:?
. : a
q ¢ LK K@ a a

. .8

P+ (5) (3)
AD a

For a ziven engine installation (K . being constant),
equation (3) shows that it 1s necesgsary to make KX as

large as possible if Ap is to be nearly equal to AP.

In the design of nose 2, the conductivity of the exit slod
was nearly equal to that of the engine so that the avail-

able Ap across the enzine was one-half the total avalila-
ble AP across the cowling. In order to increase Ap/bP,
it was decided to increase the exit arca for the low—speood
condition.

Nosewslot cowling 3 was dbullt so that the cowling

nose had 1-1/2 inches of travel instead of ?7/8 inch as on
nose 2, (See fig. 2.) TFrom the drawing of nose slot 3

in figure 2, it can be seenrn that 1-1/2 inches of travel
gave a 1-1/2 inch opening for the low-speed slot and a lw-
fnch opening for the high-gpeed slot. This travel of 1=-1/2
inches was the maximum obtalnable because of the fixed dis-
tance botwesn the rocker boxes and the propeller bhlados.

Several variations of nose-slot cowling 3 were made.
(See fig. 2.) The original design was nose 3~A, which was_
changed ag follows:?

3=B: The inner 1lp of the low~s§eed slot was
made larger.

83-C: A filler piece was placed behind the slot
to prevent separation of flow' from the cowling surface.

3=Dt The outer 1lip of the high-spcod slot was
made straichter. This change decreased the travel a
small amount. ' '
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3-BE: The top part of the movable nose was .
straightened to change the .direction of alr flow be-
hind the slot and a longer filler plece attached to

the inner 1lip was placed behind the slot,

3-F: A new filler piece parallel to the propel-
ler axis was put on., (See fig. 6.)

Before tests of nose-slot cowlings 3 were started, a
30~cell manometer was installed in the alrplane to measurse
pressures around the cowling and across the baffles. A4n
alrespeed meter was connected to pressure tubes located in
front of and behind the daffles to give the pillot a visusl
observation of theo pressure drop. The reoadlings on these
ingtruments were used to compare the cowling performances
for the rest of the tests. No attempt was made to stabil-

ize the temperatures for comparison with nose~slo} cowle
ings 1 and 2.

The condensed -results of the ground tests of nose-
slot cowlings 3 are inciunded in tablé I. The countervines
used on nose 3-F are shown in place in figure 7. In order
to prevent leakage of alr out the ernds of the vanes, a 2-
inck annular ring was placed in front of the countervanes.
This modification to the guide wvanes reduced the available
pressure drop for cooling on the ground from 10 pounds pser
square foot to 2,5 pounds per square foot. The reductioxn
In the e¢ffective opeoening of the cowling probably explains
gome of the pressure reduction. (Sce reference 5.)

Kerosens wvapor was used to study the flow of alir over
the cowllng. The kerosene vapor, whilch has the appearance
of smoke, is produced by kercsens passed throusgh an elec—
trically heated tube. The tube must be heated all the way
tc the tip because a short soctlion of unheated tube will
change the vapor back to & liquid. The wvapor will burn if
a flame is held in its path., If the - flame ig removed, how-
ever, the vaper will immediately stor buirning. No %troudle
wasg experlenced when the kerosene vapor was ussd around an
airplane sngine. For further details of this type of smoks
generator, see referonceo 6.

The use of smoke~flow studles is demonetrated by the
following. example. Figure 8 shows the smoke that has dbesen
introduced inside cowling 3-B coming out of the siot. The
thickness of the smoke stream indicates that the flow sepa-
rated behind the 1ip of the cowling. Cowling 3-~B produced
only 12 pounds per sguare foot pressure drop for cooling
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with the four-blade propeller, A turaning at 1,860 r.p.m.
(See tadble I.) 1In an attempt to prevent this breakdown
of flow, a filler (cowling 3-C, fig. 2) was placed behind
the slot.

Figure 9 shows the smoke flow over the outside sur-
face of the cowling with the filler in place., & close
examination of the flow just behind the elot shows that
the breakaway occurs farther behind the exit, glving a 50-
percent. incroase in the pressgsure drop for cooling on the
ground. This fillet wag expected to give unsatisfactory
conditions of flow over the back part of the cawllng, bdut
tho problem at the time was to determine how far back care
with the design was necessary in order to obtain e sgood
pressure 4drop, On another modification, cowling &~F shown
in figure 10, there ig no apparent breakdown of flow, as
shown by the fact that the smoke flow is nearly the same
thickness all the way back on the fuselage.

A much clearer picture of the conditions of flow can
be obtalined when the smoke is actually watched than from
an examination of photographs. The photographs, however,
illusgtrate a useful means of studylng flow conditzons on
the ground.- S :

The results of the flight tests of cowling 3 are in-~
cluded in tadble II, TFor the flight test of cowling 3-4,
data were obtained only with the low-speed slot because
the oil overheated., This overheating was due to the fact
thet breakdown of flow over the rear lip of the low-speed
8lot increased the thickness of theo heated layer of air
over the after part of the cowling and this hot air, com-
ing in contact with the oil radiator, so decreased its
effectlveness that the cooling capacity was insufficient.
A larger oil radiator in a separate nacelle was installed
far enough below the cowling to be free of the heated layer
of aire (See flg. 9.)

The increase in the area of the low-gpeed exit slot
of noge~slot cowling 3 was not so effective in increasing
the cooling pressure as was expectod when the design wasg
made., Thig ineffectiveness is dus to the fact that a
large slo# is much more critical than a small slot. -The
ratio of the radius of curvature of tho inner 1lip of the
slot to the slot width should not be below a certain fixed
value, For nose-slot cowling 2 with a 7/8-inch opening,
the inner 1lip seemed to work very satisfactorily but, when
the oponing was increased to 1-~1/2 inches, the inner-1lip
radius was too small and breakdown of flow occurrod,
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Another change incorporated in nose-slot cowling 3
wae the localization of the curvature of the cowling sure
face near the exit slot to produce & high local velocliy.
It was hoped that the large negative pressure assoclated
with high velocity would increase the available pressure
Arope .

Figure 11 shows the pressure distrldution over nose-~
slot cowling 3«0 for level flight. .Thig localized hilgh,
negative=pressure region for the slot in the highwspeed
position ie shown near the low-speed~slot location (fig.
11(2))e When the low-spood slot was opened, however, the
negative pressure at the slot location nearly disappeared
(fig. 11(b)), which indicated a large decrease in the ve=~
locity due to the blocking of the alir as 1t came out the

.8lot. The higher negative pressureg over orifieces 11 and

12 (fig. 11(b)) do not mean that the veloclty out the slot
i1s higher than the velocity over orifice 10. The total
pressure of the alr stream out of the glot has been great-
ly reduced by the passago of the air around the ongine,

ROSE~SLOT COWLING 4

Nosewsglot cowling 4 was made larger in diameter than
nose~glot cowling 3 to gvoid the limitation of the fixed
distance between the propeller and the rocker boxes, This
increased diameter resulted in larzer exi% . openings, a.
larger and smoother inner 1lip of the low-speed sloit, and
generally greater freedom in the design of %hs cowling.

Nose~slot cowlings 4~-A and 4-~B have three sizes of
low=speed exit slots (2-1/2 inches, 3=1/4 inches, and 4
inches) obtainable by adjusting the outer 1ip of the highe
speed slot. (See fig, 2,) .

Nose~slot cowling 4-B differs from nose=slot cowling
4~A in the design of the ounter lip for the high-speed slot,.
It was thought that this change might increass the effecw—
tive diameter of the cowling opening and might thus improve
the ground cooling., For nose-slot cowling 4-C, the outer
1ip of the highwspeed slot was spring-loaded so that the
high-speed slot remained closed until the movable part of
the cowllng had traveled within 1 inch of the back posie
tion where a stop prevented further movement of the lip,
Inasmuch as the size of the low-sveed slot could be varied
without opening the hish-gpeed slot, the effectiveness of
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slot slze and slot efflciency for the low-speed-slot condi-
tion could be studied. Pictures of nose~glot cowling 4-4A
are shown 1ln flgures 12 to 14,

The regults of the ground tests of nose-—~slot cowlings
4-A and 4-~B are included in table I, Some increase in the
avalleble pressure for cooling on the grownd was obtained
with propeller € over that obtained on nose=slot cowling
3. Propeller A, which provided 27 pounds per square foot
for cooling on the ground, gave the most spectacular im-
provement, This cooling was sufficient %o allow the engine
to be run indefinitely on the ground at full power. The
advantago of a disk in front of the cowling is apparont,
ogpecielly with propeller C.

The ratio Ap/n28D2 has the disadvantage of being de-
pendent on the blade-angle setting of the propeller. The
available Ap at a constant engine manifold pressure, how~
ever, is a better criterion of ground cooling. For in-
stance, for cowling 3-F with propeller C and wlth counter-
vanes, a propeller blade—angle setting of 11° at 0.75 R
gave a Ap/naD3 of 0.116 and a Ap of 10 pounds per square
foot at zero manifold pressure, & blade-angle setting of
18° at 0,75 R gave a Ap/n2D? of 0,195 and a Ap of 11
pounds per sguare foot at zero manifold pressure,

The results of the fiight tests are included in table
II. The Ap/q in climb wes increased from 0.79 for nose-
slot cowling 3~F to 1.60 for nose-slot cowling 4-A, Cowl-
ing 4 is the first nose-slot cowling tc give a largor
Ap?q in climb than in level flight, which shows that the
increased velocity of the slipstream in c¢limd is being used
to advantage to produce a larger pressure for cooling,
This fact is especially apparcnt for nose-—slot cowling 4-3B
with propeller 4; for this condition, the Ap/q in climd
was 2.06 and, in level flight, l.32. The effoct of a disk
is negligible for the climb or the level-flight condition.

Figure 15 presents the variations of Ap/q with cowle
ing poeition for cowlings 4-B and 4-C. The two curves for
level flight are not comparable in magnitude owing to the
larger opening for flight 32 but the general shape of the
curves 1s significant.  The intermediate points on the
curve for cowling 4-B are for the condlition in which both
gslots were partly opon. For the'tests of cowling 4-C, the
part of the curve from O to 26 turnsg is for the low—speed
slot alone; tho high-speed slot romained clogsed because of
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the spring-loaded lip. These curves can be extended %o
zero Ap/q where the low-speed slot would be entirely
closed, as shown by the dotted curve. This curve shows

the great effeoctiveness of a small increoase in the slot
areca for small slot oponings and the decrecase of the effecw
tlveness as the slot opening becomes large. The change in
effectiveness is esaspecially apparent for the level-flight
condition where the curve becomes almost level at ths loww-
speed position. The sgame effect was found in referencs 2
where 1t is discussed in more dotail.

Filgure 16 shows the variation of alr speed at constant
power in level flight with Ap/q as obtained with cowling
4-0, Since all the points for both slots lie on 2 smooth
curve, 1t seems that the efficlency of the slolts must be
approximately egqual. A single adjustable slot locatsd in
the position of the low~speed slot would apparently bde
equally as good ag a two-slot doslgn.

CONCLUDING REMARKS

l. 4 practical application of the nose-slot cowling
to an alirplane in flight has been developed.

2e 4&A nose~glot cowling, if vroperly designed, makes
uee of the inereased wveloclity of the slipstream for low-
speed high-power operation to produce increased cooling
pressure. Values of Ap/q of 1.60 in e¢limb and of 1.12
in level flight were obtained for one cowling,

3« The location of the high—speaé slot is not oriti-
cal in regard to high-speed efficiency.

4¢ The design of the oxit passage for large slot
openings requires that the radius of the inner lip of the
slot be large enough tc prevont breakaway of the air flow.
If broakaway occurs, the drag of the cowling is greatly
increasod,

6. Exhaunsting the cooling alr from the cowling into
& low=~pressure high~velocity region requires that more care
be exercised 1in the design of the cowling lines back of the
slot than for a coaventional N.A.0.A. cowling. Convergent
cowling lines increase the angle of attack of the local aix
flow over the cowling surface and, if they are too con-
vergent, will cause the cowling to be sensitive to slot
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orening, On one ingtallation In flight, breakaway occurreod
for large slot openings but no separation was present for
small alot openings.

Langley Memorlal Aeronautical Laboratory,
National Advisory Commlttee for Aeronautics,
Langley Fileld, Va., May 5, 1939,

APPENDIX
DESIGN CALCULATIONS
An example of a design computation for nose-slot
cowlings is presented along with curves to aid in the so-
lution.

Given:

Engine characteristics

Power output - - - -~ - - - -850 hp.,.
Indicated horsepower - - - - 1,100

Altitude = = = - = « - - - .- 0 to 10,000 f%.
Take-off power - ~ = = = - - 1,100 hp.

45 in,

[
i

Mexlmum engine diameter
Rated engine speed =~ ~ = = =« 2,200 r.p.me.

3:2

1
[}

Propeller gear ratio - -
Number of cylinders - - - - 14

0.10

1

Engine-baffle conductivity.

Ap requlred for cooling at
rated powor and altitude - 40 1lb./sq. ft.

Distance from trailing edge
of the propeller at maxi-
imum pitch setting %o the
front of ongine rocker-—
box coverg = =fe~ - - - = 10 in.
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Diameter of o0il cooler re-

guired -« =« -~ = L -~ - ~ < 10 in,
Conductivity of o0il cooler -~ 0.55

Indicated horsepower at 75
brake horgepower = - - ~ = 150

ropeller characteristics
Type :0f conbrol = = = = - - Bonstant speed
Normal range of control - - 207
Number of blades = = - ~ - 3

Diometer = = w = w0 = = o = 11 £t

Blade~angle setting at top
speed and rated altitude - 32° at 0,75 R

Speed at rated engine speed 1,467 r.p.m.
Blade~angle. setting for full-

power climd at minimum

clim'bi:a.g Speed P N 220 at 0.75 R
Minifum blsde-angle setting 15° at 0.75 R
Power absorbed at 1/2 rated

speed and minimum blade-

angle setting on the

Zround = = = = - =~ = = = 75 mp.

Airplane characteristics

Top speed at rated altitude
of the ongine = = = ~ ~ - 230 m.pPeh.

Dynamie pressure at top
speed and rated altitude - 100 1b./sqg. ft.

Gruising spesd ~ - = - - - ~ 209 m.p.h,

Minimum climbing speed ~ = -~ 110 m.p.h.
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Dynamlc presgure for clinmb-
ing opeed at sea level = -~ 31 1b./sqe. ft.

Uge « = = 4 =« = o = = - Military
Type = - - - = - = ~ — - ~ Landplane
Location of engine « - - - 1In nose of fuselage

Maximum dlameter of fuselage
behind engine ~ -« - - -~ ~ b4 in,

Calculations:

Equlvalent leak area of engine is

0.10 x 45° x g = 159 sq. in.

Equivalent leak area of oil cooler is

0'55 X 103 X I4-r = 45 8q . in-

Additional area for ventilator duct to ACCeBROTYy CON~
partment ls 12 sq. in,. '

Total equivalent leak area is 214 sq. in.

In order to prevent.excessive losses in the return
ducts, it is advisable to make the area of the return ducts
approximately 2~1/2 times the equivalent leak area, or

2,5 % 214 = 535 sq. in.

Area inside the engine diameter between the rocker boxes
is approximately

14 x 156 = 210 sq. in.
Area required to provide space for the oil~cooler, the
carburetor-air, and the accessory-compartment ventilator

ducts ls 135 gq. in. Area nocessary to be provided outw
side engine diameter is

535 + 135 - 210 = 460 sg. in.
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Frontal area of the cowling. F -réguifed is
45° x T + 460 = 2,050 sa. in. = 14.21 sq. ft.

Minimum dlameter of cowling ig 51.2 inches. Necessary di-
ameter of cowling to sllow for structural blocking is 52
inches, Since the diasmeter of the fuselage behind the en=~
gine is 54 inches, the cowling diameter requirements need
not be crowded, Geometric conductivity of the installa-
tion based on the cowling area ig —g%é— = 0.10,
. . ‘ 52 E

As the distance betweer the trailing edge of the pro-
peller at the maximum blade-angle setting to the froant of
the rocker-box covers is only 10 inches, 1% is convenient
to use the ordinates for nose 2 from reference 2 for this
design. The ordinates for thig.design are given in the
following table, whers a 1is twice the distancse from the
propeller axis to the point and. b is the axial disgitance
from the leading edge of the nose to the point. The loca=
tlon of the slot (slot 2 of reference 2) is & = approxi-
mately 49 inches and b = 2,39 inches. The maximun diam-
eter of the front opening is 38 lnches.

Station (ii;) (12.)
1 40,0 0.
2 44,8 «52
3 46,6 1,04
4 48,7 2,08 .
5 50,2 3.12
6 Bl,.2 4,16
7 51.8 5420
8 52.0 6.24
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The ordinates of thils nose shape in fraections of the

diameter A

of the cowling are:

Station a/d b/A
1l ‘0,769 0
2 . 862 .01
3 «896 .02
4 « 937 2 Q4
5 - 965 «06
6 . 284 .08
7 .996 .10
8 1.000 « 12

The velues of the power coefficients P, and 1/%/ Pg
for use with the data of reforence 2 are next computed.

Climd
_ 950 x 375
© 31 x 95 % 110
E_l—_': = 0,97
v Pe
g = 31 1b./sq. ft.
AP = 40 1b./sq. ft.
Ap/q = 1,29
From
ence 2,
A - 2,50
g

B>
Hiftd
]
o
[ ]
o
M

= 1,10

High speed

950 x 375
100 x 95 x 230

1.83

100 1b./sq, ft.
40 1b./sq. ft.

0.40

figure 17, which is a crogs plot of data from refer-—
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From fiegure 18, which is taken from reference 2,

X __
A;T:E-'I = 0'58 1.65
'A'a = 0!10 X 2120 = %85 ‘8. in. 129 g£q. in.
Oe58
s1 ing = 285 _ o, . .84 in, °
ot opening Zon 4 in 0 n

A slot opening of 2.4 inches for the climbing condi-
tion at 110 miles per hour is slightly too small owing %o
the smaller ratio of cowling diameter to propeller diame-
ter of the design installatlion as comparsd with the in-
stallation of reference 2, This error, howsever, is not
large and the air speed for climdb ls lower than will be
usually exXperienced with this airplane; consegquenitly, the
computed slot opening may be used with confldence.

The ground condition presents a slightly different
cooling problem. It is necessary to warm up the engine
and the oil thoroughly before take—off is attempted, bdut
too little information is available on how much cooling is
necessary to prevent the overheating of some parts before
other parts become warm. In order to gain some information
on this subject, approximate relations of Ap and horss—
power as obtained ln reference 7 will be glven. It was
found that the Ap required for constant temperature dif-
ference varied approximately as the (indiéated horse-—

power)1'75 for the engine in reference 7. If this same
relationship ig used and it is desired to know how much
Ap will be .required at one-half the rated engine speed
and the power absorbed by the propeller at this speed for
the lowest blade angle and ground condition, there is ob-
tainsd

i. h,p 1.75 1 i-'?s
-150)
= - = 1'2 1.b. [ ] ft’
i hp., 40 * \I3%0 /84

This procedure extrapolates the relationship glven in
roeference 7 .far below the tested range but it gives soms
indication of the amount of Ap required.

_ The Ap available for this installation will now be
roughly estimated. ) ’
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Figure ‘19 shows the 4p/n°D® obtained for nose 2,
slot 2 with & 4-1/2 inch axial movement of the slot and a
propeller similar to the design propeller at a bBlade-
angle setting of 20° at 0.756 R as a function of the cowl=-
ing conductivity. For a conductivity of 0.10, Ap/a®D® =
0.000077,

FProm table I, the addition of & disk increased the
value of Ap/n®D® approximately 50 percent, giving a

‘value of Ap/n®D2® of 0.000116, This value applies to a
ratlo of cowling opening to propeller diamefer of 0.292,
The meximum value obtainable for the present investigation
is 38 inches/132 inches = 0,288, These values are so
close that the dlscrepancy may be neglected.

In order to correct Ap/n2D2 for a decreass in the
blade~angle setting from 20° to 15°, reference is made to
figure 4 of reference 5. This figure shows a reduction

in Ap/n28D8 of approximately 10 percent. The corrected
value 1is then

op
—~—=2_ = 0.00010
naDa
or

Ap = 0.00010 x 12.2% x 112 = 1.8 1b./sq. ft.

This result indicates that satisfactory cooling would be
obtained on the ground.

It 1is usvally easier to measure this Ap at full en~
gine gpeed on the ground, whiech would give a- value four
timos as great, or approximately 7 pounds per square foot.

The size of the disk to be used on this installation
i1s obtained as follows:

Potal area of front opening is 382 x I = 1,130 sq. in,

L

Free aresa required is 2.5 timeg the ecquivalont leak
area of the enegine, 0,10 x 45° X Z X 2.5 = 400 sq.in,

Ares required for openings of cil=cooler, carburetor-
2ir, and accossory~conpartment vontilating duct is-
135 sq, in.

Area of disk is 1,130 = 400 - 135 = 595 sq. in,
Diameter of disk ig 27 in.
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N.4.0.A, Techniocal Note No. 730 IABLE | Tablas
OROUND TEST3
omfErofpumber | | B Fropenier fap st
ing | PYiTiviades | (£5.)(in.)| sevting | 22 | sero engine| sine man-
a.? ds.??& n"p? ::ar.:o: ¢:° g::er poﬂ::on Rezazks
Be
{r.p.n.) {1b./8q.1n.)
2 ¢ g 10 26.1 |0.250x207) 1,120 -
3.B| & L ] 6 1k .%Zh- 1,260 12 -
g A L ] 6 1k .250 1,860 18 -
-0{ C i 9 10 11 . }L 1,800 -
-D| A & 6 28 .36 1,310 1? -
2| ¢ Q 10 26.1 § .152 1,120 5 -
=k Pl ElEs | OB :
ir| o 3 10 n Lt i':soc 10 ~  WitE countervanes.
3r| ¢ 9 10 11 . 1,800 2.5 - dith countervanes
and 2-in.flat ring.
-r{ © 9 10§ 18 .195 1 3 11 - itk countervanes.
L o ; 3 10 83 .58 1::23 ] Back [ound-edge aiek.
4-a} C 3 10 23 306 1,160 11 ¥ia .
4ij o 3 9 10 23 e 1,160 1k Forward .
Lxj G ; ] 10 2 .16 1,160 [ Back
Laj o ] 10 2 .19 1,160 7 Mia
Sl80518 8 818 | BB & Sk
BB ¢ H 3 10 2 )7 1’160 11 i pee aiek.
Bl A p L | B T8} 2 | 503 1,310 A |-do- Do.
B i i 8 [ g 787 1,310 27 - do -
IABLE II
FLIOE? TESTS
'Blade—
Pro-| angle 8lot Slot httitude q
Flight |Cowling p;i; l:tgiz_; location position 1rz1 Y {(1v./sq.in.}| Ap/q Remarks
e - Al
(deg.
1 ~h [+ - Level 0.58
1 -B 0 5% - - do. - zg gs
1k B ¢ "2’33 - - 80~ 4g 2
AR=EE - S o
1 D i 2% Z Climb 8 .
1 3-D A 28 - Lavel .
1 i) re 28 - - 66.- 6 N
17 D i 8 - - 0.~ & R
i s 3 B - P e 1 :
£ |3 Bl ol
Middle b . 1. Square- disk.
20 44 Q zg - do - Level 67 1.11 w ‘Dodp
20 L9y o 2 - do - —~ do.~ g .46 Do.
21 [y 0 2 - do - Olimb 1.%5 | Round-edge disk.
az:]i LA. g 2 -do - Level gg 1.1% .
i - 30 - - &0 o Do.
gg ti g Tormard Glil; 26 1.2(91
- — Leve a2 - .
22 oy g 2 - 2.- Level_ E; 1.1 Round. e%g'. diek
2 5 0 Beck Olixb 28 1.21 Da.
2 LY *] - d0. — Level g 1.12 Do.
2 Ak 9 - do .- - do. — . .
2 [y -] - do.- Climb 28 1.5
;ll: ﬁ g g - 80.- Level gg 1.09
- 9.~ -~ d0.= .30
25 [y a utadle Climb Eg 1.
28| 8 & vt :
4a [ g Forwazd OLimd g 1:21
iy [:] —do — Level 3 1.
26 5k 0 ;g - do - -~ do - .62
29 5B c Beok Oiimb 1.24 | Round-edge disk.
26 u-B 0 2 - do - Lavel 6; 1.08 Do.
2 s | § A ter "}0 % Do
- do - - do - .18 Do.
29 4B 3] 25 {- do - - do - g 2} Do.
30 B i 28 |widdle xb 2. Do.
0 4B A 26 |- do - Level 66 1.32 Do.
0 LB i 28 |- do - - do - g . Do.
1 4B A 28 |- a0 - olimb 1. ’
3 4B A 28 |- do - Level 62 1.
1 5B L 28 |- do - - do - .Z. .
52 g [ 23 - Glimd & 1.
gg [ c gg - - do - 28 i.
50 [+ - - do - 28 1.1
;2 -0 c 23 - - do - 28 .ag
2 ] c - Level [ 1.2
2 -0 0 2 - - do - 66 1.10
T [} - - do - 66 1.00
2 5.c ] 2 - -do - .
g [*] - - do - % .5
¥-0 [+ 23 - - do ~ 31 .71

r 1,8



F.A.C.A., Technical NHote No. 730 Figs. 1,3

N e e a—

[

Figure 3.~ The BFO-1 airplane equipped with nose-slot ocowling 1.
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Nose 4-A
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Noss 4-B
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|
465" diam.
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Nose 3-A Nose 3-B

1% %"

]

48%" diam

Nosa 3-F

Low-speed position
----—- High- speed posilion

Figure 2. - Layout of cowling shapes
used on the BFC-1 airplane.

Noge 4-C

2 "9g



I"" ! -.-—---
A allee IR e e
mar e BN 171 - Sl ORI

[T e ! ol ———

Figure 4~ Close-up of nome-slot cowling L.

Figure 5a.- Close-up of nose—alot cowling 3. Adjusted for
low spead.
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FMigure 5b,- 0loea-up of noee-slot cowling 3. Adjusted for
high speed.

Figure 50, Oloee-up of nose-slot cowling 3. Ring removed

to show internal mrrangement.,
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Tigure 8.~ Close-up of the nose-slot cowling 3-F in the low-speed position.

- =TT e = ~ = TR

Figure 7.- Nose-slot cowling 3-F witk countervanee in place on the BFO-1
airplane.
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Figure 8.- Smoke flow coming
out of the slot.
Nose-slot cowling 3-B,

Figure 10.- Smoke flow over
nose-slot
cowling 3-F,




Figure 9.~ Smoke flow being introduced shesd of the propeller,
Yose~slot cowling 3-0.
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© O™

(b)

Figures lla,11b.- Pressure distribution over nose-slot cowling

3-C. Level flight. (a) High-speed position.
(b) Low-speed positiomn.
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Tgure 13.-:- The BFC~1 airplane equipped with nose~slot cowling 4-A in the low~speed position.
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S

e —

!'_1 e 13a.~ Close-up of nose-slot cowling 4-A in tne low-apeed positicn.
Eux Square-edge disk in place. P po on

..... ‘_ -
—— o o &‘ 3 S :':*-_

Tigure 13b.~ Close-up of nose-slot cowling 4-4 in the low—-péed position.
Round-edge disk in placs.
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Tigurs 14b.-Side view of nose-slot cowling 4-A. High-speed position;
round-edge disk in place.



L6 Flight
F/Jghf C‘ow//ng condifion
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Flgure 15.~ Yariation ot Ap/q in f1ight with oowli slon
o for nose-alot otlilv‘llnsl & and 4-0, ne rost
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!‘i.gun 18.~ Variation of alr spesd with Ap/q for the constant-

power lsvel-flight oondition as obiainod with
nome=glo¥ gowling 4-~0.
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Figure 18.- Variation of Ap/AP with AK/F (reference 2j.
2
&7 : 20x/07°
4 -.15]
V\\
3 ~] - - 7= \ \
AP ~~~___| ~Nose Z, slof & used for case / A -
q 2 D2 \\
2 o8
\}\
/ .04
a o
5 7 ] 7 13 15 17 79 .04 .06 .08 10 12
1% - : Engine conductivity
Figure 17.- Variation of AP/q with 14 Pe Figure 18.- Variation of
(reference 2). Ap/n*D2 with engine conduc-

tivity (reference 2).



